Striking auscultatory variations with changes in posture were observed in 30 individuals with either mid-late systolic clicks, late systolic murmurs, or both, particularly in the upright position. Twenty-seven patients had late systolic murmurs; in nine, however, the murmur was not heard until assumption of the sitting position. Mid-late systolic clicks were heard in 20 patients while supine and in three only on sitting. Click movement (usually toward the first sound) was common during sitting or standing. Late systolic murmurs became holosystolic in 25 patients. In 20, the murmur did not become holosystolic until standing. Systolic whoops, not heard in the supine position, developed on assumption of the sitting position (three patients) or standing (three patients). With prompt squatting, the auscultatory findings reverted to those heard in the supine position in eight of nine patients.
angiography, and pharmacologic technics have confirmed the association of these findings with mitral regurgitation due to systolic prolapse of one or both mitral leaflets into the left atrium.'-2 ' We have found striking variations in the auscultatory findings with changes in posture in patients with midsystolic or late systolic clicks, late systolic murmurs, or both, particularly in the upright position. These postural auscultatory phenomena are an integral part of this syndrome, related to the anatomic and physiologic changes in mitral valve function. Methods
Thirty patients seen at the Ohio State University Hospitals had a mid-late systolic click, a late systolic murmur, or both. All patients had a complete history and physical examination, electrocardiogram, PA and left lateral chest x-rays, and phonocardiogram. Auscultation and phono- *In one patient the cineangiogram was not of sufficient clarity to define leaflet prolapse, but late systolic regurgitation was seen.
Abbreviations: PACs and PVCs = premature atrial and premature ventricular contractions. cardiograms were done systematically in the supine, left lateral, sitting, and standing positions. Those of nine patients were also recorded during prompt squatting.
All recordings were performed using a Sanborn 550 M polybeam recorder with 350-1700B heart sound preamplifiers. Two contact crystal microphones were used, the upper microphone on the record being placed along the left sternal border and the lower microphone at the apex. A frequency cutoff of 400 Hz was used for the apical microphone. Respirations were recorded with a heat-sensitive thermistor respirometer with a downward deflection on the paper indicating inspiration. The external carotid pulse and lead II of the electrocardiogram were simultaneously recorded for timing purposes. The paper speed was 100 mm/sec.
Left ventricular cineangiography was performed on nine patients (right anterior oblique and left anterior oblique projections, with the patient supine).
Clinical Features
The clinical findings on 30 patients are shown in table 1. There were 13 men and 17 women. The age range was 14 to 74 years. The familial pattern was striking; five patients in three families were included in the study, and four other families with at least two family members affected are known to us. The complaints were similar to those reported by others.2, 5, 9 10, 12, 14, 15 Six patients had the inferior "ischemia" electrocardiographic changes reported by several authors. 1 2, 4, 5, 7-10, 18, 19 One of these patients had an abnonnal ventricular contraction pattern at cineangiography similar to that described by Engle7 and Grossman and associates.8 One patient with a recent anteroseptal myocardial infarction who had a systolic click and a late systolic murmur may not have had these findings prior to the infarction.
Prolapse of one or both leaflets was demonstrated by cineangiography in eight patients; in one case the clarity of the film did not permit 
Results
The auscultatory variations with change in posture in 30 patients are outlined in table 2. Twenty-seven patients had a late systolic murmur. Nineteen were present in the supine or left lateral position; eight were not heard until the patients were sitting up. The murmur became holosystolic with change in posture in 25 of the 30 patients. One patient had a holosystolic murmur in all positions, associated with a midsystolic click; one became apparent in the left lateral position, and three patients developed holosystolic murmurs on sitting. The murmur became holosystolic in 20 patients with standing.
Mid-late systolic clicks were present in 23 patients; in 20 patients clicks were heard while Circulation, Volume XLI, May 1970 they were supine, and in three patients clicks were heard on sitting. In 14 patients the clicks demonstrated variability in timing with change in posture. The movement was usually toward the first heart sound with sittirng or standing.
Systolic whoops were not heard in the supine or left lateral position. Three patients had systolic whoops in the sitting position, three others only with standing.
The effect of prompt squatting was observed in nine patients. Seven had holosystolic murmurs while standing; with squatting, the murmur became late systolic and the late systolic clicks returned, that is, the auscultatory findings resembled those in the supine position. In an eighth patient with a late systolic and early diastolic murmur and a midsystolic click while standing, the systolic murmur decreased in intensity, the diastolic murmur disappeared, and the systolic click moved much later in systole; these changes 809 FONTANA ET AL. 
Figure 2
The sequence and microphone locations are indicated as in figure 1 . This patient's three systolic clicks (SC) were recorded by the upper microphone (LLSB) in the supine recording at the left. The three clicks are earlier in systole and recorded by both microphones with the patient sitting (center panel). A clearly holosystolic murmur (SM) is shown in the right panel (patient standing) with an intermittent systolic whoop (W). The whoop is distinguished from the murmur by the high amplitude, even deflections.
again were similar to the auscultatory findings in the supine position. The remaining patient's murrnur increased in intensity upon squatting; this patient was one of the five patients who never had a holosystolic murmur with posture change and who had coronary artery disease. The pattern of auscultatory changes of each patient was reproducible, although the pattern among the patients varied widely. Examples of the postural changes are shown in figures 1 through 6. Figure 1 shows the recordings of an 18-yearold girl with a murmur known since age 5 years. She complained of palpitations and anxiety. When supine, she had only a late systolic murmur at the apex. In the sitting position, she had a holosystolic murmur, and a midsystolic click appeared. The findings were unchanged in the standing position. This is an example of the change from a late systolic murmur to a holosystolic murmur with the appearance of a midsystolic click on the assumption of upright posture.
The phonocardiogram of a 15-year-old asymptomatic daughter of another patient in this series is shown in figure 2. In the supine position, three systolic clicks were present. The clicks moved earlier in systole when the patient was sitting. In the standing position, she had a holosystolic murmur with an intermittent systolic whoop, and the clicks were no longer evident. These recordings demonstrate the progression from no murmur to a holosystolic murmur with a whoop, and click mobility and disappearance with changes in posture. but the characteristics of the murmur did not change. In the sitting position. the click was closer to the first sound and the murmur was louder. When he stood up, the murmur was holosystolic and of greater, more uniform intensity, and the click was no longer apparent, probably merging with the first heart sound. This is an example of the development of a holosystolic murmur coincident with movement of a click toward and into the first heart sound. The series of recordings shown in figure 4 are those of a 14-year-old girl with Marfan's syndrome. She had no clicks or murmurs when supine. A systolic click was evident in the left lateral position. When this patient sat up, the click was no longer apparent, and a nearly holosystolic murmur with an intermittant whooping quality was present. In the standing position, she had a holosystolic murmur with early and midsystolic accentuation and no whoop. The tachycardia on standing was not Circulation, Volume XLI, May 1970 but the early systolic position shown in panel accompanied by a fall in systemic blood pressure. These phonocardiograms illustrate the marked variability in the auscultatory findings with posture change in this syndrome. Figure 5 illustrates the findings of a 23-yearold woman with mild mitral regurgitation confirmed by intracardiac phonocardiography and cineangiography. The grade I/VI late systolic murmur heard when she was supine could not be recorded. There was little change in the left lateral or sitting positions. When she stood up, she developed an apical holosystolic murmur and a loud systolic whoop. The diagnosis might have been missed in this patient if auscultation had not been performed in the standing position.
The phonocardiogram of a 20-year-old girl with persistent tachycardia and fatigue is shown in figure 6 . When supine, she had a late systolic click introducing a late systolic murmur. In the left lateral position, the click was slightly earlier in systole, and the murmur was longer and louder, apparently beginning before the click. When she sat up, the systolic click nearly merged with the first sound, a new systolic click appeared, and the murmur became holosystolic with early and midsystolic accentuation. On standing, neither click is apparent, and the murmur is primarily early systolic on the recording, but was clearly holosystolic on auscultation. With prompt squatting, the murmur and clicks returned to a late systolic position. The click mobility and the appearance of a holosystolic murmur with the assumption of upright posture and the return to the supine findings upon prompt squatting constitute the most common pattern of auscultatory changes found in these patients.
Discussion
In most cases, the systolic click-late systolic murmur syndrome is due to an abnormality of the mitral valve apparatus, which results in the prolapse of one or both leaflets into the left atrium during systole. The defect in the valve apparatus may be enlarged leaflets,5' 8, 21
myxomatous changes in the leaflets,5' 22 elongated or improperly attached chordae," 2, 9, , 15, 18, 19 21 or abnormal ventricular or papillary muscle contraction."1 2, 7-9, 11, 13, 15, iS, 19 The abnormalities may be familial." 2, 9, 14, 18, 20 The association with cardiomyopathy, as vith the abnormal contraction ring of Engle7 and Grossman and associates' may indicate that abnormal ventricular muscle function secondary to asymmetric hypertrophy leads to prolapse of the valve leaflets. This entity has been associated with Marfan's syndrome,5' 6, Both panels show expiration only. The upper microphone is at the second left interspace (2LSB), and the lower one at the apex. Only the phonocardiograms made while the patient was supine or standing are shown, since the findings in the left lateral, sitting, and supine positions were similar: no definite murmur or clicks. A holosystolic murmur (SM) and loud systolic whoop (W) are shown on the right. Space did not permit demonstration of a full respiratory cycle, but the whoop was frequently not present at the beginning of inspiration. systolic murmur is congenital or affected by other secondary etiologies, systolic prolapse of one or both leaflets can usually be demonstrated by left ventricular cineangiography.' 2, 4 -9, 11 14, 17-21 Also, the pattem of auscultatory changes with posture is often similar, regardless of the etiologic considerations.
Other investigators have commented upon the variability of the timing of the clicks and the changes of intensity and duration of the murmur with changes in posture,2 5,9! 12, 41 18, 20, 23 but these changes have not been emphasized as an indication of changing mitral valve function with changes in posture.
Since systolic clicks have been shown to occur at the time of maximum prolapse of a mitral valve leaflet,6 the click mobility in these patients may indicate changes in the timing of prolapse. The clicks tend to move toward the first heart sound with sitting and standing, in some cases apparently merging with it. Therefore, the maximal prolapse seems to Circulation, Volume XLI, May 1970 occur earlier in systole, even coincident with the onset of ventricular ejection. The most consistent auscultatory change with assumption of upright posture, that of change to a holosystolic murmur in 25 or 30 patients, is also consistent with earlier prolapse and holosystolic regurgitation through the mitral valve.
Earlier prolapse of the mitral valve leaflets may be related to changes in the end-diastolic volume of the left ventricle. The end-diastolic volume is smaller in the erect position, as a function of the decrease in venous return with reduction of cardiac output.24-27 The leaflets tend to be closer to a position of prolapse with a smaller end-diastolic volume, which tends to exaggerate the amount of prolapse with the onset of contraction. Earlier prolapse with more prolonged mitral regurgitation seems likely to occur. Little direct documentation of this phenomenon is currently available, but Bittar and Sosa5 performed cineangiography Figure 6 The respirometer at the top indicates expiration. The upper microphone is at the fourth left interspace (4LSB), and the lower one, at the apex. A systolic click (SC) and soft late systolic murmur (SM) are shown in the left panel. Both are louder in the next panel. The mutrmur is holosystolic in the center (sitting position), the original click is earlier, and a new click is seen in midsystole. In panel four, the clicks are absent and the murmur is primarily early systolic. The right panel is of the patient squatting. The systolic clicks (SC) and systolic murmur (SM) maintained their late systolic position as long as the patient remained squatting. The auscultatory findings returned to those shown in panel four over a few beats after the patient stood up. on a patient before and after inhalation of amyl nitrite and noted greater prolapse and regurgitation after amyl nitrite, when the murmur was longer in duration. We have been impressed that inhalation of amyl nitrite often produces the same auscultatory changes as upright posture does in our patients.
Further supporting evidence for the change in left ventricular end-diastolic volume producing the postural auscultatory changes is the response to prompt squatting, a maneuver shown to increase end-diastolic volume. [28] [29] [30] Although the number of patients is small at this time, eight of nine patients exhibited the same pattern. All demonstrated click mobility toward the first sound with lengthening of the murmur with assumption of upright posture. Upon squatting, the auscultatory findings promptly reverted to those heard in the supine position, that is, late systolic clicks and late systolic murmurs. The sudden increase in venous return caused by prompt squatting increases left ventricular filling, and hence, increases end-diastolic volume. This puts the mitral valve apparatus under greater tension and could conceivably diminish the degree of prolapse. When these patients stood up, the clicks returned to their early systolic position and murmurs prolonged and became louder over a period of a few seconds, as the enddiastolic volume again decreased.
One patient's murmur increased in intensity on squatting. She was one of the five who never developed a holosystolic murmur on standing. Her differing response may also be related to her coexisting coronary artery disease.
Nellen and co-workers28 293 comment that in mitral regurgitation, presumably rheumatic in origin, the murmur increases in intensity on squatting, so this maneuver may be useful in SYSTOLIC CLICK-LATE SYSTOLIC MURMUR differentiating mitral regurgitation due to leaflet prolapse from that of other etiologies.
Although the change in the left ventricular end-diastolic volume is a very attractive explanation for the postural auscultatory changes, other factors could contribute. The postural variations in heart rate with the coincident changes in inotropy, the changes in the contractile state of the myocardium, and changes in the direction of the regurgitant jet in relation to the chest wail are other considerations. Further studies are necessary to define the mechanism.
One other auscultatory pattern is suggested by our study. Systolic whoops were present only in the sitting or standing position in our six patients. The explanation for this finding, and the exact mechanism of the whoop are not clear, but the association with the mitral valve is apparent.4' 12, 13, 18, 23 The possible relationship to prolapse of both leaflets is suggested by Behar and associates' findings of prolapse of both leaflets in all of his patients with whoops,4 and our similar findings in one patient. However, four patients with demonstrated prolapse of both leaflets did not have whoops.
Although the exact mechanisms of the postural changes in the systolic click-late systolic murmur syndrome are not clearly defined, certain conclusions can be drawn from this study: (1) The auscultatory changes with the appearance-disappearance and variability of the systolic clicks and whoops, and the appearance of late systolic murmurs and subsequently of holosystolic murmurs, which occur with changes in posture, indicate a disorder of the mitral valve apparatus resulting in systolic prolapse of one or both leaflets into the left atrium. (2) Unless auscultation is performed in at least four body positions, the correct diagnosis may be missed. Figure 5 points this out rather dramatically. (3) If the patient has auscultatory findings only in the sitting or standing position, the performance of hemodynamic and cineangiographic studies only in the supine position may not completely define the mechanism involved. Since the specific dis-Circulazilon, Volume XLI, May 1970 order of the mitral valve may differ from patient to patient and since the auscultatory findings obviously do vary considerably, pinpointing the precise anatomic defect and explaining the auscultatory changes in a given patient would require investigative studies in different body positions.
